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 2 Abstract 
This study is among the first ones to explore Age-of-Acquisition (AoA) effects on picture 
naming and reading aloud accuracy of a Cantonese-speaking anomic and dyslexic patient (CSY) 
and a group of normal individuals. Simultaneous multiple regression results revealed that 
subjective AoA, image agreement and name agreement were significant predictors of the 
accuracy for both group of subjects in picture naming. For reading aloud, subjective AoA and 
phonological consistency have significant impacts on CSY’s performances; while subjective 
AoA and frequency were significant predictors for the normal controls. The Arbitrary Mapping 
(AM) hypothesis in explaining AoA effects is supported; the possible loci of AoA effects and 
the implications of AoA effects for designing assessment and intervention materials for aphasic 
patients are discussed. 
 
 
 
 
 
 
 
 
 3 Background 
Over the past three decades, AoA effects on various lexical processing tasks have been 
studied by many researchers (see Juhasz, 2005 for review), and the number has been increasing 
dramatically throughout the last decade due to the increased task generality of AoA effects.  
AoA refers to the age at which the spoken or written form of words are first learned (Bonin, 
Barry, Meot, & Chalard, 2004), and AoA effects take the form that words acquired earlier in 
life are processed faster (in normal subjects) or with higher accuracy (in subjects with 
neurogenic language disorders, like aphasia, etc) than words that are learned later (Juhasz, 
2005). This effect of AoA has been found in various lexical processing tasks that have studied 
normal subjects, including lexical decision, word-associate generation, reading aloud, and 
semantic categorization, and also has been found with a variety of stimuli other than words, 
such as in picture naming tasks, object recognition task, and face recognition task (see 
Johnston & Barry, 2006; Juhasz, 2005 for review).  
Criticism against AoA effects 
  Since words acquired early in life are usually encountered more frequently during a person’s 
lifetime than those words that are learned later in life (i.e. words with early AoA typically have 
higher cumulative frequency); therefore, such a high correlation between AoA and word 
frequency has led some researchers to doubt about the veracity of AoA (e.g. Lewis, Gerhand, & 
Ellis, 2001; Zevin & Seidenberg, 2002). However, recent researches have provided evidence to 
 4 support the unique role of AoA effects in lexical processing as significant AoA effects have 
been found even under the conditions where the cumulative frequencies and other predictor 
variables have been controlled (e.g. Bonin et al., 2004) and the cumulative frequencies of the 
late acquired words have been significantly higher than that of the early acquired words (e.g. 
Stadthagen-Gonzalez, Bowers, & Damian, 2004). 
AoA effects on picture naming & reading aloud across languages and participants’ types 
  All the studies using picture naming have found significant AoA effects on the naming 
latency in normal subjects(Juhasz, 2005), and such a phenomenon has been observed across 
languages, including English (e.g. Morrison, Hirsh, Chappell, & Ellis, 2002), Italian (e.g. 
Dell’Acqua, Lotto, & Job, 2000), and French (e.g. Bonin, Chalard, Meot, & Fayol, 2002), etc. 
Such consistency of AoA effects on picture naming was not only evidenced in normal subjects, 
but also in the naming accuracies of participants with neurogenic language disorders, like 
aphasia (e.g. Lambon Ralph & Ehsan, 2006; Cuetos, Monsalve, & Perez, 2005). 
  For immediate word naming, the majority of studies have found AoA effects in normal as 
well as dyslexic subjects (Juhasz, 2005). Several of these studies have observed that the 
influence of AoA effects may depend on the degree of arbitrary mapping or consistency in the 
mapping between orthography to phonology, with larger AoA effects observed when the 
mapping is arbitrary (like in Japanese Kanji, a logographic system where the phonology 
cannot be reliably derived from orthography, e.g. Havelka & Tomita, 2006) and/or 
 5 inconsistent (like reading English words that have inconsistent spelling-to-sound 
conversions, e.g. Monaghan & Ellis, 2002). 
  Furthermore, besides studying effects of AoA on individual tasks, studies have also 
compared the magnitude of AoA effects between different tasks using alphabetic systems. It 
was found that larger AoA effects were observed in picture naming than word naming tasks 
because the mapping between the input and output was arbitrary for picture naming but 
quasi-consistent for word naming (e.g. Zevin & Sridenberg, 2002).  
AoA effects on reading aloud & picture naming in Chinese 
  Though numerous studies have shown that AoA was a significant determinant in lexical 
processing for both normal individuals and aphasic patients using alphabetic systems, not much 
research has been done on the logographic system, Chinese. Among the few available studies, 
AoA effects on picture naming and reading aloud have mainly focused on studying normal 
Mandarin-speaking subjects (e.g. Chen, Zhou, Dunlap, & Perfetti, 2007; Weekes, Shu, Hao, 
Liu, & Li, 2007). For the Cantonese-speaking populations, there are only two recent studies 
focusing on dyslexic patients (Law, Yeung, Wong, & Weekes, 2007) and anomic patients (Law, 
Weekes, & Yueng, Submitted); none has been done for the normal subjects in this population. 
  Regardless of the limited number of studies done, significant AoA effects were observed in 
all of them. In addition, compatible with the findings observed in studying Japanese (Havelka 
& Tomita, 2006) and English word naming(e.g. Monaghan & Ellis, 2002), Chen et al. (2007) 
 6 have found that in reading aloud phonetic-compound characters, the magnitude of AoA 
effects on reaction time was influenced by the degree of consistency in the mapping between 
the pronunciation of the character and that of its phonetic radical, with a larger magnitude of 
AoA effects observed when the mapping is inconsistent than it is consistent. 
Rationales for the present study  
This study is among the first ones to explore whether AoA would affect the accuracy of 
picture naming and reading aloud in a single Cantonese-speaking aphasic subject. Though 
AoA have been investigated in a variety of processing tasks, picture naming and reading 
aloud are most extensively studied and AoA effects were consistently found in them. 
Moreover, as AoA effects would be larger when the mapping between input and output is 
more arbitrary; thus, by studying the logographic system Chinese (where the mapping is more 
arbitrary than alphabetic scripts), AoA effects are more likely to be found. Furthermore, by 
using the same subjects in a single study, the influence of individual variations can be reduced 
and direct comparisons of the effect size of AoA on the two tasks can be made.  
Since variables that affect lexical processing have always been taken into account in 
constructing assessment and rehabilitation materials for aphasic patients (Cuetos et al., 2005), 
by investigating and comparing the strength of AoA effects on the aphasic and normal 
subjects’ reading and naming accuracy, new insight in the selection of stimuli for aphasic 
assessment and treatment may be gained  
 7 Hypotheses 
  Due to the arbitrariness in the mapping between semantics to phonology (Lambon Ralph & 
Ehsan, 2006) and orthography and phonology (Weekes & Chen, 1999), it is expected that AoA 
should affect the picture naming accuracy and reading accuracy of the aphasic and normal 
subjects.  
  In contrast to what is observed in studies employing alphabetic systems to study naming 
speed, when the magnitudes of AoA effects on subjects’ picture naming and word reading 
accuracy are compared, a larger effect in picture naming than word reading may not be 
observed. The reason is that in alphabetic systems, the mapping between input and output was 
quasi-consistent for word naming (Zevin & Sridenberg, 2002) but that is arbitrary in Chinese.  
  Lastly, as mentioned earlier, AoA effects would be larger when the mapping between 
phonology and orthography is less consistent. Thus, it is hypothesized that the reading 
accuracies of both group of participants would be affected more by AoA when reading aloud 
phonetically-inconsistent than consistent Chinese characters.  
Method 
Participants 
  CSY was a 58 year-old native Cantonese-speaking female who has suffered from ischemic 
stroke in December, 2006. Pre-morbidly, CSY was a right-hander and moderate right 
hemiparesis was resulted post-morbidly. CSY had received education up to primary six in 
 8 Hong Kong and she worked as a school worker pre-morbidly. Since three months post-onset, 
CSY has received speech therapy, jointly provided by the Hong Kong Society for 
Rehabilitation and the Division of Speech and Hearing Sciences of the University of Hong 
Kong on a weekly-basis for two months. Speech therapy has been ceased since May, 2007. 
  Fifteen normal native Cantonese-speakers, who are matched for age (ranging from 54 to 62 
year-old) and educational level with CSY were recruited as control subjects. 
Initial assessments and hypothesized underlying deficits  
  The Cantonese version of the Western Aphasia Battery (CAB) (Yiu, 1992) was administered 
in October, 2007 and CSY was classified to have Broca’s aphasia (Aphasia Quotient = 48). 
  Oral naming of pictures selected from Snodgrass and Vanderwart (1980) and reading aloud 
of the same targeted pictured-objects were administered. CSY scored 48% accurate (106/217) 
in oral naming and 82% accurate (179/217) in reading aloud, indicating a severe naming 
impairment and a moderate reading deficit. 
  To identify the loci of CSY’s naming and reading deficits, a series of neuropsychological 
tests on language, cognitive and memory, visual processing were carried out, and the results are 
shown in Table (I) of Appendix A. 
The results of three visuospatial analysis tests from the Birmingham Object Recognition 
Battery (BORB) (Riddoch & Humphreys, 1993) indicated largely preserved visual object 
recognition. Severe semantic deficit was evidenced by CSY’s poor performances on both 
 9 verbal and nonverbal semantic tasks. The much lower percentage accuracy in the oral naming 
task (49%) than that in the spoken word-picture matching task (95%) may suggest an impaired 
phonological output lexicon and/or the access to it, in addition to semantic deficit. 
    To sum up, CSY’s severe naming deficit may be attributed to impairments in the semantic 
system, phonological output lexicon and/or the access to it. 
  McNemar’s Chi-square test was used to analyze CSY’s performance in the tasks of oral 
naming and reading aloud of object names, statistically significant difference was found. This 
result, in addition to the dominance of semantic errors (42%; 15/36) in the reading aloud task, 
indicated that CSY’s semantic system is severely impaired and she is reading mainly via the 
relatively intact non-semantic reading route. 
  To conclude, it is speculated that CSY’s moderate reading deficit was originated from 
impairments in the semantic system, the phonological output lexicon and/or the access to it. 
Experimental tasks and stimuli 
  The stimuli and ratings of all the predictor variables used in picture naming and reading 
aloud were taken from Law et al. (Submitted) and Law et al. (2007) studies. 
Stimuli for picture naming task 
  A total of 217 black-and-white line drawings taken from the Snodgrass and Vanderwart 
(1980) picture set were used as the experimental stimuli. For each stimulus item, ratings of six 
psycholinguistic variables were obtained, including: (1) subjective AoA; (2) object familiarity; 
 10 (3) word length; (4) name agreement; (5) image agreement; and (6) visual complexity (Please 
refer to appendix B for detailed descriptions of each predictor variable).  
Stimuli for reading aloud task 
  The stimuli comprised of 260 phonetic compound characters. For each target word, the 
ratings of eight variables were obtained, these include: (1) semantic transparency; (2) Log adult 
frequency; (3) subjective AoA; (4) semantic radical combinability; (5) semantic radical 
consistency; (6) phonological consistency; (7) imageability; and (8) number of stroke (Please 
refer to appendix C for detailed descriptions of each predictor variable).  
Procedures 
  As Ellis, Lum, & Lambon Ralph (1995) stated, stable and reliable results can not be 
achieved by analyzing the results obtained from just a single administration of a set of items; 
therefore, CSY was asked to name each of the 217 pictures and the 260 Chinese characters for 
3 times over 6 sessions. The 6 sessions were allocated within 3 consecutive weeks, with 2 
sessions per week. The 217 pictures were randomly divided into two blocks, block A and B, 
with 109 and 108 items in each block. The 260 Chinese characters were randomly divided into 
10 blocks, each consisted of 26 characters. In each session, CSY had to complete 1 randomly 
assigned pictures’ block and 5 characters’ blocks.  
For the 15 control subjects, each of them was required to name all the stimuli once within 
one session. The presentation order of the pictures’ blocks and the characters’ blocks was 
 11 randomized for each individual in the control group.  
Each picture and word stimulus was printed on an A5 paper and was manually presented to 
the participants one by one. No time limit was imposed on both tasks. All the subjects’ 
responses were transcribed at the time and audio-taped using a MP3 player.  
No cues were given during the reading aloud task. However, for the picture naming task, 
either the probe question “呢個 item有個特別啲嘅名 o架!” or “除咗叫 alternative acceptable 
name，佢仲可以叫做咩呀?”, was given when the subject has produced: 1) a ‘superordinate 
name’ (i.e. the production of the category name, e.g. 背心 vest  衫 cloth); or 2) a name that 
was too general, for example, 酒杯(wine cup)  杯(cup). 
Scoring 
   In both tasks, only the participant’s last response to each item was scored. For picture 
naming, a correct response is one that is identical to the modal name, an alternative acceptable 
name or one that has minor phonological error (i.e. those responses that have at least half of the 
phonemes, including tone and segmental, in common with the target). For reading aloud, only 
those responses that are identical to the target pronunciation(s) was accepted as correct. 
Reliability 
  Inter-rater agreement on the classifications of CSY and control subjects’ naming and reading 
errors were obtained for 10% of the total erroneous responses in each group. A final year 
student of Speech and Hearing Sciences was invited to classify the subjects’ error types. 
 12 Point-to-point agreements in the two tasks were then calculated for both groups of subjects. 
Data analysis 
Simultaneous multiple regression analyses were used to evaluate the predictive power of 
each and all independent variable(s) on naming and reading, and to identify the variable that 
has the best prediction on each outcome (Pallant, 2005). The aphasic and control data were 
analyzed separately, with the naming/ reading percentage accuracies being the dependent 
variable, and the above mentioned predictors served as the independent variables.  
For the analysis of oral naming results, since the ratings of the six predictor variables were 
obtained based on each item’s modal name; thus, only the modal names and error responses 
were analyzed. The percentage accuracy of each item was calculated by the formula “Number 
of modal name(s)/ Number of modal name(s) + Number of error response(s)”. 
For reading aloud, two items with an overall 0% accuracy by either the aphasic or control 
subjects were eliminated from analysis. 
To find out whether the participant’s naming accuracies would be affected more by AoA 
when naming inconsistent Chinese characters than consistent ones, a subset of 72 characters 
which were controlled for AoA (with Early AoA: <1.6; Late AoA: >4) and consistency (with 
Consistent: >85, Inconsistent: <20) was selected from the 260 experimental characters. This 
subset consisted of 21 early acquired-consistent characters, 13 early-acquired-inconsistent 
characters, 14 late-acquired-consistent characters, and 24 late-acquired-inconsistent characters. 
 13 The aphasic and control group’s percentage accuracies in reading these subsets of characters 
were separately analyzed by 2x2 ANOVAs. As there were only two levels of each independent 
variable, post-hoc comparisons were not made. One-way t-tests were done to find out whether 
statistically significant difference(s) was found between early- and late-acquired consistent 
characters and/or between early- and late-acquired inconsistent characters. 
Results 
The descriptive statistics of predictor variables of oral naming and reading aloud tasks and 
the intercorrelation matrixes among predictor variables for both CSY and control subjects are 
displayed in Appendixes D to G. 
Oral naming performance 
Table 1 below shows the simple correlations between all predictors and CSY’s and control 
subjects’ oral naming accuracy; and the results of simultaneous multiple regression analyses on 
their naming performances.  
The overall naming accuracy of CSY and the control subjects is 67.1% and 90.6%, 
respectively. The simple correlations showed that CSY tended to be more accurate in naming 
objects that are acquired early, more frequently in contact, with lesser alternative acceptable 
names, and have higher resemblance between the pictured object and that of subjects’ mental 
image of it. For the control group, simple correlations were significant for all predictor 
variables, except visual complexity. This means that the control subjects tended to made more 
 14 errors when naming pictures that have more details (i.e. visually more complex).   
Table 1 Results of picture naming performance of CSY and normal controls 
Note: * = p < 0.05; ** = p < 0.01; no annotation = p > 0.05 
Simultaneous multiple regression results reflected that when all predictor variables were 
taken together, they significantly predicted CSY’s and control group’s naming accuracy, and 
the models have accounted for 14.9% and 22.5% of the variance, respectively.  
Among the six predictor variables, subjective AoA, name agreement and image agreement 
were significant predictors of CSY’s naming performance and they had comparable 
contribution to naming accuracy as indicated by the semi-partial correlations (sr2). These 
results illustrated that the earlier an item is learnt, the fewer alternative acceptable names an 
 Subjective 
AoA 
Object 
familiarity 
Word 
length 
Log Name 
Agreement 
Image 
Agreement 
Visual 
Complexity 
CSY 
Accuracy 
-0.296** 0.254** -0.067 -0.212* 0.291** -0.074 
Control 
Accuracy 
-0.402** 0.270** -0.206* -0.232** 0.306** -0.078 
Simultaneous multiple regression results 
CSY — Multiple regression: F (6, 208) = 5.896, p < 0.01; R2 = 0.149 
CSY 
(N = 217) 
t= -2.06 0.597 0.271 -2.14 2.26 0.042 
p= 0.041* 0.551 0.787 0.034* 0.025* 0.967 
β -0.195 0.055 0.020 -0.144 0.166 0.003 
sr2 0.018 0.002 0.000 0.019 0.022 0.000 
Control subjects — Multiple regression: F (6, 209) = 10.102, p < 0.01; R2 = 0.225 
Control 
(N = 217) 
t= -3.44 0.063 -1.32 -2.64 2.18 0.470 
p=  0.001* 0.950 0.189 0.009* 0.031* 0.639 
β -0.305 0.005 -0.089 -0.167 0.150 0.031 
sr2 0.044 0.000 0.006 0.026 0.018 0.001 
 15 object has, or the higher correspondence between an object and one’s mental image of it, the 
more likely it is being named correctly by CSY. 
  For the controls, only subjective AoA, name agreement and image agreement were 
significant predictors, and subjective AoA was the most important, as revealed by its sr2 value. 
These results demonstrated that the naming accuracy of the control group is affected mostly by 
subjective AoA, followed by name agreement and image agreement. 
  Table 2 presents the classifications and distributions of CSY and controls’ naming errors  
Table 2 Classification and distribution of CSY and controls’ picture naming errors 
Error type Description CSY Controls  
Semantic 1) The response shares the same category as the 
target. 
2) The response is an activity or object 
associated with the target. 
57.0% 69.0% 
Phonological The response shares at least 50% of syllables as 
the target and the wrong syllable is characterized 
by substitutions of phoneme(s). 
1.9% 0.98% 
Partial  The target name is partially retrieved. 3.7% 2.29% 
Unrelated The response is a meaningful name but is 
unrelated to the target. 
15.9% 9.15% 
Jargon  The response is a nonsense name. 10.3% 9.48% 
No response No verbal output is produced. 11.2% 9.15% 
Total number of errors 214 306 
 
 16 Point-to-point inter-rater agreement for the classifications of CSY and the controls’ picture 
naming errors was 95.5 % and 94.1%, respectively. As shown, the majority of CSY’s naming 
errors were semantic errors, followed by unrelated errors, jargon and no response. On the other 
hand, the control subjects’ naming errors were mostly dominated by semantic errors. 
Reading aloud performance  
The overall accuracy of CSY and the control subjects in reading aloud is 71.6% and 91.2% 
respectively. Table 3 below shows that CSY read aloud characters correctly if they are acquired 
early, frequently encountered, of fewer strokes, phonologically consistent and highly 
imaginable. For the control group, characters that are of fewer strokes, phonologically 
consistent and learned early tended to be read more accurately.  
Simultaneous multiple regression results indicated that when taken as a whole, the predictor 
variables significantly predicted CSY’s and control subjects’ reading accuracy. The models 
explained 17.9 % and 20.8% of the variance respectively.  
Among the eight predictor variables, only phonological consistency and subjective AoA 
were significant predictors of CSY’s reading performance; and subjective AoA was the most 
important contributor. The results showed that the earlier a word is learnt or the higher the 
consistency between the pronunciation of the phonetic radical and the family that contain the 
same radical, the more likely CSY can read it correctly. 
  For the control groups’ reading accuracy, adult frequency and subjective AoA were 
 17 significant predictors; and similar to what is observed in CSY, AoA was the most important 
predictor. The findings indicated that the higher frequency a word is, the earlier the word is 
learnt, the more probable it is read correctly by the normal subjects. 
Table 3 Results of reading performance of CSY and normal controls 
 Imag Freq NoS Phon SCom SCon Tran AoA 
CSY  
Accuracy 
0.152** 0.167** -0.145* 0.159** 0.044 -0.038 0.048 -0.389** 
Control 
Accuracy 
0.016 0.349** -0.116* 0.137* -0.006 0.007 0.043 -0.401** 
Multiple regression results 
CSY— Simultaneous multiple regression: F (8, 249) = 6.77, p < 0.01; R2 = 0.179 
CSY  
(N = 258) 
t= 1.22 -0.836 -0.021 2.16 -0.998 -0.709 -0.942 -4.67 
p= 0.223 0.404 0.750 0.032* 0.319 0.479 0.347 0.000** 
β 0.102 -0.067 -0.021 0.135 -0.064 -0.045 -0.069 -0.396 
sr2 0.005 0.002 0.000 0.015 0.003 0.002 0.003 0.072 
Control subjects — Simultaneous multiple regression: F (8, 249) = 8.17, p < 0.01; R2 = 0.208 
Control  
(N = 258) 
t= -0.864 2.20 0.326 0.574 -1.94 0.665 0.965 -4.26 
p= 0.388 0.029* 0.754 0.567 0.054 0.507 0.335 0.000** 
β -0.071 0.173 0.021 0.035 -0.122 0.041 0.069 -0.355 
sr2 0.002 0.015 0.000 0.001 0.012 0.001 0.003 0.058 
Notes: Imag = imageability; Freq = Log adult frequency; NoS = number of stroke; Phon = 
phonological consistency; SCom = semantic radical combinability; SCon = semantic 
radical consistency; Tran = semantic transparency; AoA = subjective age of acquisition; 
* = p < 0.05; ** = p < 0.01; no annotation = p > 0.05. 
 
 18 Table 4 Classification and distribution of CSY and normal controls’ reading aloud errors 
Error type Description CSY Control  
Semantic 1) The response shares a similar meaning with the 
target. 
2) The response and the target together form a 
word. 
8.6%  6.7% 
Phonological 1) The response and the target share at least:  
a) the same rime; or  
b) the same initial consonant and nucleus/coda. 
2) The response and target differs in tone only.  
12.3%  30.7% 
Orthographic 1) The response is a character that shares the same 
phonetic radical as the target. 
2) The response is only orthographically similar to 
the target. 
25.0%  12.6% 
Legitimate 
Reading of 
Components  
(LARC) 
The response is corresponded to any of the 
pronounceable constituents of the target character. 
 
25.5%  18.7% 
Unrelated The response is a real word that shares no 
semantic, phonological, or visual relationships 
with the target. 
19.6%  22.5% 
Jargon The response is a non-word. 0.5%  5.0% 
No response No verbal output is produced. 8.6%  3.8% 
Total number of errors                                        220       342                                                        
Table 4 presents the classifications and distributions of CSY and controls’ reading errors. 
 19 Inter-rater agreement for reading aloud was 90.9 % for CSY and 91.4% for control group. 
CSY mainly made orthographic, LARC and unrelated errors, while for the control subjects, 
phonological, unrelated and LARC errors were the dominant error types.  
In terms of unique contribution of AoA to picture naming and reading aloud accuracy, the sr2 
values reflect that opposite to what is normally found in studies employing alphabetic systems 
to investigate AoA effects on naming speed, the influence of AoA is smaller on object naming 
task than that on reading aloud task for both CSY and the control group. 
Post-hoc analyses of relationship between AoA and phonological consistency in reading 
aloud 
  Two-ways ANOVA were carried out on subsets of characters orthogonally controlled for 
AoA and consistency for CSY and the controls. The mean percentage accuracies of CSY and 
control group are shown in Table 5. 
Table 5 Mean percentage accuracies of CSY and control group in reading aloud of subset of 
characters controlled for AoA and consistency 
 High consistency Low consistency 
 CSY  Control group  CSY  Control group 
 Mean  SD Mean SD Mean  SD Mean SD 
Early AoA 84% 0.981 98% 0.658 82% 0.877 89.3% 2.53 
Late AoA 83% 0.929 91.3% 1.54 30.6% 1.18 72% 4.51 
The simple main effect of consistency was significant for both CSY and the control group, 
with F (1, 68) = 4.28, p < 0.05, F (1, 68) = 8.65, p < 0.01 respectively. The simple main effect 
 20 of AoA was also significant, with F (1, 68) = 17.0, p < 0.01 for CSY and F (1, 68) = 8.65, p < 
0.05, for the control subjects. The interaction effect between AoA and consistency was only 
marginally significant for CSY (p = 0.072) and insignificant for the control group.      
Independent t-tests were carried out to further analyze whether statistically significant 
difference(s) was found between CSY’s accuracy in reading early- and late-acquired consistent 
characters and/or between early- and late-acquired inconsistent characters. The results indicate 
that significant AoA effect was only found in reading phonologically-inconsistent characters. 
Summary of main findings 
  To sum up, in consistent with all the studies that have investigated AoA effects on picture 
naming latency and accuracy (e.g. Snodgrass & Yuditsky, 1996; Bonin et al., 2002; Hodgson & 
Ellis, 1998; Cuetos et al., 2005), AoA effects have significantly influenced the naming 
accuracies of the Cantonese-speaking normal and aphasic speakers. For reading aloud, as 
compatible with the findings of previous studies focusing on Chinese speakers’ naming 
latencies (e.g. Liu, Shu, & Li, 2007; Chen et al., 2007), AoA have significant effects on the 
reading accuracies of both CSY and the normal subjects. In addition, contrary to what is 
usually observed in studies employing languages with alphabetic scripts, the magnitude of AoA 
effects was found to be smaller on picture naming than reading aloud for both groups. Finally, 
only the reading accuracy of CSY was affected by AoA for phonologically-inconsistent 
characters. 
 21 General Discussion 
Accounting for the effects of other significant predictors on naming and reading  
  Apart from AoA, image agreement and name agreement also significantly predicted the 
naming accuracies of CSY and the control group. Image agreement, which refers to the extent 
of resemblance of a picture to that of the subject’s mental image of the object (Snodgrass & 
Yuditsky, 1996), has been reported to affect normal speakers’ naming latencies (e.g. Bonin et 
al., 2002) and was suggested to have its effect on the level of stored structural representations 
of the objects or the recognition of them. According to Vitkovitch, Humphreys, and 
Lloyd-Jones (as cited in Vitkovitch & Tyrell, 1995, p. 823), items with low image agreement 
would activate multiple representations at the structural level. These activated representations 
would be processed and subsequently result in the names of the visual competitors, semantic 
competitors and the target object being activated, thus interfering with the name retrieval 
process and leading to increase in errors and/or response times (Vitkovitch & Tyrell, 1995). 
The other variable, name agreement, is frequently found to be a significant predictor of pictures 
naming latencies (e.g. Snodgrass & Yuditsky, 1996; Hodgson & Ellis, 1998; Bonin et al., 2002). 
It refers to the degree to which the name of a given object is agreed by speakers of the 
language, and is believed to influence the lexical level of processing (Weekes et al., 2007). 
Objects with more than one acceptable name might lead to competitions at the level of 
response selection. Since the number of syllables in Chinese is small and most syllables are 
 22 linked to different tones and align in various orders to convey a range of meanings, during 
the naming of objects with low name agreement, apart from the competitions among different 
alternative names, additional inhibition is required to inhibit the competing syllables that are of 
different tones (Weekes et al., 2007), e.g. the target 鈕 /lɐu2/ button, plausible alternative 
names include: 鈕扣 / lɐu2 khɐu3/, 釦子 / khɐu3 tsi2/, 衫鈕 /sam1 lɐu2/, other names that 
differ in tone only: 褸 /lɐu1/ coat, 樓/ lɐu4/ floor, 柳 / lɐu5/ willow, 漏 / lɐu6/ leakage. As 
a result, the chances of making errors are increased. 
  For the reading aloud task, in addition to AoA, CSY’s accuracy was significantly predicted 
by phonological consistency; while the control group’s performance was affected also by 
frequency. When reading phonologically-inconsistent characters, there will be competition 
among the pronunciation of the phonetic radical and that of the whole character; however, the 
retrieval of target is facilitated by the additional information from the semantic system. As 
argued before, CSY is believed to be reading mainly via the non-semantic route, thus, the 
consistency of the phonetic radicals could significantly predict the accuracies of her reading 
performances, similar to its effects on reading latencies of normal participants. However, as 
normal subjects can read via both the semantic and non-semantic route, when reading accuracy 
instead of latency is considered, the consistency effect is not reliably demonstrated.  
For the control group, significant effect of word frequency was observed. The effect is likely 
to be related to its impact on the strength of connections among representations at the 
 23 orthographic, semantic, and phonological levels (Morrison & Ellis, 2000). As the strength of 
connections between different representations would affect the ease of retrieval of the targeted 
output representations, word frequency would affect the control groups’ reading accuracies. 
However, the absence of such effect in CSY suggests that when both variables are considered 
in an analysis, AoA is a more robust effect than frequency. 
The hypothesis of AoA effects on naming and reading 
  As AoA effects were observed in a variety of lexical processing tasks (Johnston & Barry, 
2006), participants populations and even different languages, thus, its locus (or loci) and 
underlying mechanism need to be explored. 
  Five main theories have been proposed to explain the effects of AoA, namely the 
phonological completeness hypothesis (Brown & Watson, 1987, as cited in Juhasz, 2005, p. 
687), the cumulative frequency hypothesis (Lewis, 1999, as cited in Juhasz, 2005, p. 687), the 
lexical-semantic competition hypothesis (Belke, Brysbaert, Meyer & Ghyselinck, 2005, as 
cited in Juhasz, 2005, p. 705), the semantic locus hypothesis (Brysbaert, Van Wijnendaele, & 
De Deyne, 2000 as cited in Juhasz, 2005, p. 705) and the arbitrary mapping (AM) hypothesis 
(Ellis & Lambon Ralph, 2000). Among these five, only the semantic locus hypothesis and the 
AM hypothesis have been widely supported by experimental evidence (Juhasz, 2005).  
  The AM hypothesis assumed that early acquired items would shape the network of the 
learning system into a configuration that optimizes the representations of these items. As 
 24 learning progresses, the network system would gradually lose its plasticity and would 
become committed to representing the early learnt items (Ellis & Lambon Ralph, 2000). 
Another aspect of the AM hypothesis is that AoA effects are predicted to be larger when the 
mappings between input and output are arbitrary (Zevin & Seidenberg, 2002) or more 
inconsistent (Monaghan & Ellis, 2002).  
The semantic locus hypothesis interpreted AoA effects in terms of richness of semantic 
connections within the mental lexicon, with early acquired words having more connections in 
the semantic system than late acquired words, thus facilitating their retrieval (Steyvers & 
Tenenbaum, 2005, as cited in Juhasz, 2005, p. 688). With an assumption that AoA effects reside 
at the semantic level and/or the access from semantic to phonological level, this hypothesis 
predicts that AoA effects should be observed only in tasks that require access to the semantic 
system, and the effects should be larger in tasks where greater degree of semantic 
representations are involved (Juhasz, 2005), like in picture naming than in reading aloud. 
The results of the present study can be accounted for by the AM hypothesis. Firstly, the 
presence of AoA effects on both picture naming and reading aloud tasks for the two groups of 
subjects can said to be due to the fact that the mappings between semantics and phonology and 
between orthography and phonology are arbitrary. In addition, as predicted by the AM 
hypothesis, when the mapping between input and output is inconsistent (as in reading the 
Chinese characters with inconsistent phonological consistency), the AoA effects should be 
 25 larger. The results of CSY’s 2x2 ANOVAs and the independent t-tests (i.e. the naming 
accuracy of CSY was affected more by AoA in naming phonologically-inconsistent Chinese 
characters than that of consistent characters) confirmed the prediction. (The interaction effect 
between AoA and phonological consistency was not significant for the control group, and it 
may due to the high percentage of accuracy of this group.) 
With inference to the AM hypothesis, since the relationship between orthography and 
phonology is more arbitrary for Chinese than alphabetic scripts; the AoA effects observed in 
naming may only be slightly stronger or even the same as that in reading aloud. However, the 
observed sr2 values in picture naming were smaller than in reading for both CSY and the 
control group. The results seem to contradict to the AM hypothesis. However, before such a 
conclusion can be made, one needs to consider possible methodological factors that may 
contribute to this unexpected finding. In previous studies that have reported stronger AoA 
effects on naming than reading, their conclusions were drawn from direct comparisons of the 
AoA effects on the latencies in reading and naming of the same set of stimuli. However, in this 
study, the effect size of AoA was compared based on the subjects’ accuracies on reading and 
naming two different sets of stimuli. The two set of stimuli differ in their mean of AoA, 
standard deviation (s.d.) and range, with the range of AoA and s.d. being much larger for the 
reading stimuli (mean: 2.98, range: 6.88 & s.d.: 1.51) than the naming stimuli (mean: 3.46, 
range: 4.22 & s.d.: 0.889). This means that for the naming stimuli, the variations of AoA are 
 26 smaller (i.e. a more restricted range). Therefore, the magnitude of AoA effect might be 
smaller than that of reading as a consequence. However, the present study cannot account for 
the effect of response type (i.e. accuracy instead of latency being used) on the observed 
difference in the magnitude of AoA on reading and naming.  
One may assume the above problem can be remediated by using same set of stimuli for 
analysis; however, it is difficult for that to be done in Chinese. The reason is that the ratings of 
various variables used in reading aloud (e.g. phonological consistency, semantic radical 
combinability, etc) can only be done at a character level but object names are often 
multi-syllabic/character in Chinese. In addition, even objects with monosyllabic names and 
their corresponding characters can be used, due to the characteristics of Cantonese — the 
prominence of acceptable alternative names (i.e. one can name an object by using 
colloquialism, literacy language, in addition to super- and sub-ordinate names) and the majority 
of multi-sylllabic object names; the number of items that can be used may be very small. 
As mentioned before, the AM hypothesis and the semantic locus hypothesis have been 
supported by different experiments; however, the semantic locus hypothesis cannot account for 
the results of this study equally well as the AM hypothesis. Though it can explain for the AoA 
effects on naming in CSY and normal subjects, and in reading for the control group (due to the 
need of access to the semantic representations in theses tasks), again, it cannot account for the 
larger sr2 in reading than in naming (where more semantic representations are involved in 
 27 picture naming than in reading aloud). Besides, this hypothesis assumes the loci of AoA 
effects to be resided at the semantic level and/or access from it to the phonological level; since 
CSY is believed to read mainly via the non-semantic route, therefore, the presence of AoA 
effect in CSY suggested that the semantic locus hypothesis cannot be supported. 
The possible loci of AoA effects 
The AM hypothesis suggests that the AoA effect is a property of the learning system, 
therefore, the loci of AoA effects may reside in different levels of processing, from visual 
object recognition to phonology for naming and orthographic input lexicon to phonology for 
reading. The present findings that AoA had correlated highly with image agreement and visual 
complexity (variables affecting recognition), object familiarity (a semantic variable) and word 
length (a phonological variable) (refer to table IV in appendix F), indicate a possibility for AoA 
effects on naming to be originated from any level to another. For reading, the multiple loci of 
AoA effects come from the evidence that AoA effects were present in dyslexic patients who 
read through either the non-semantic route, like CSY, or the semantic route, as the case of TWT 
in Law et al (2007) study; as well as the observed high correlation coefficients between AoA 
and number of stroke (a variable affecting recognition) , semantic radical combinability (a 
semantic variable) and frequency (a variable affecting the access of phonological forms) (refer 
to table V in appendix G).  
 
 28 Conclusion 
  This study is the first one to provide evidence of AoA effects on both picture naming and 
reading aloud in a Chinese anomic and dyslexic patient and a group of normal 
Cantonese-speakers. The AM hypothesis is supported, and the effect of AoA on picture naming 
and word reading is believed to be located at the levels between visual object recognition to 
phonology and orthography to phonology. The robustness of AoA effects found on picture 
naming and reading aloud implies that this variable, like that of frequency and imageability, 
should be taken into account when designing assessment protocol and selecting treatment 
targets for aphasic patients. During the assessment, by observing how the aphasic patients’ 
naming accuracies are affected by AoA and other variables and considering the loci of each of 
them, clinician can identify the possible breakdown level(s) in an aphasic patient’s lexical 
processing system, and thus select the most suitable treatment targets. 
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 32 Appendix A 
Table I. CSY’s initial assessments results 
 CSY 
Phonological processing tasks 
  Repetition (n=30) 86.7% (26/30) 
  Immediate auditory discrimination (n=60) 56.7% (34/60) 
Nonverbal semantic tasks 
BORB (n=23) 69.6% (16/23) 
  PPTT (n=37) 56.8% (21/37) 
Verbal semantic tasks 
  Auditory synonym judgment (n=60) 56.7% (34/60) 
  Written word-picture matching (n=126) 88.9% (112/126) 
  Spoken word-picture matching (n=126) 95.2% (120/126) 
Oral naming (n=217) 49.3% (107/217) 
Reading aloud of object names (n=217) 82.5% (179/217) 
Picture vs. word naming  χ2 = 55.97 
  (McNemar’s Chi-square) p < 0.01 
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 CSY 
Visuo-spatial analysis  
  Minimal feature view (n=25) 100% (25/25) 
  Foreshortened view (n=25) 100% (25/25) 
  Item match (n=32) 96.9% (31/32) 
Memory tasks  
  Digit span forward-span  4 
  Chinese Rey Auditory Verbal Learning Test  
    Immediate recall (n=75) 34.7% (26/75) 
    Delayed recall (n=15) 6.7% (1/15) 
    Delayed recognition (n=15) 73.3% (11/15) 
Cognitive tasks  
TONI-3 5th percentile 
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The following are descriptions about the predictor variables used in oral naming1
1. Subjective age of acquisition and object familiarity
: 
i
2. Image agreement, visual complexity, and name agreement – The same group of 60 
subjects who provided normative naming data on the Snodgrass and Vanderwart 
pictures was asked to rate image agreement and visual complexity for each stimulus. 
The ratings were obtained following the same instructions and procedures described 
in Snodgrass and Vanderwart (1980). For image agreement, the experimenter would 
call out an object name and wait for about three seconds, during which the subject 
 – A total of 60 native Cantonese 
speakers (30 males and 30 females) equally distributed across three age groups 
(young: 20-39 years, middle: 40-59 years, and elderly: 60 years above) and two 
education levels (0-14 years of education and above 14 years of education) were 
asked to estimate the age at which they learned each item and to rate the degree of 
their familiarity with each object. AoA was rated using a seven-point scale with 
2-year age band for each point on the scale (1: 0-2 years, 2: 3-4 years, 3: 5-6 years, 4: 
7-8 years, 5: 9-10 years, 6: 11-12 years, 7: 13 years or above). Object familiarity was 
rated on a five-point scale from 1: unfamiliar (rarely encountered) to 5: highly 
familiar (encountered nearly everyday). The participants gave both estimates for each 
picture, one object at a time. 
                                                 
1 The below descriptions were quoted from Law et al (Submitted). 
 35 would close his eyes and try to imagine the named object. This was followed by 
presentation of the picture, which the subject rated on a five-point scale how closely 
the pictured object resembled his mental image. For visual complexity, the subject 
rated each picture on a five-point scale in terms of “the amount of detail or intricacy 
of line in the picture” (p. 183). Name agreement was computed based on the oral 
responses of the normal subjects and using the H statistic (Morrison, Hirsh, & 
Duggan, 2003). 
3. Word length – This was measured in terms of the number of syllables in each modal 
name. 
 
 
 
 
 
 
 
 
 
 
 36 Appendix C 
The following are descriptions about the predictor variables used in reading aloud2
1. Character frequency is based on a frequency count in Ho (1992). 
: 
2. Phonological consistency: The phonological consistency of a character reflects the     
extent to which the target pronunciation dominates in the family of phonetic 
compounds sharing the same phonetic radical as the stimulus character. To qualify for 
a member of the neighborhood, a phonetic compound containing the target phonetic 
radical must be listed in both X. Li (2003) and Ni (1982), two dictionaries of phonetic 
compounds. The pronunciations of the characters are based on a Cantonese phonetic 
compound dictionary (Z. Li, 1989). The phonological consistency of a stimulus is 
computed by dividing the sum of frequencies of characters with the target 
pronunciation (regardless of tone) by the sum of frequencies of all characters 
belonging to the phonetic radical family. For items that cannot be found in the 
frequency count of Ho (1992), a count of 1 is given. 
3. Estimate of age-of-acquisition: Ten undergraduate students at the University of Hong  
Kong were asked to estimate for each stimulus character the age at which they 
believed it was encountered in books. An 8-point scale was used with point ‘1’ 
referring to preschool years, the next six points representing each year in primary 
school, and the end point indicating secondary school or above. 
                                                 
2 The below descriptions were quoted from Law et al. (2007). 
 37 4. Imageability: The method of instruction for collecting imageability ratings was 
adopted from Chiarello, Shears, and Lund (1999). The concept of imageability was 
first introduced to a group of normal subjects. A character is of high imageability if its 
meaning can quickly and easily generate a mental image, i.e., a mental picture, sound, 
or other sensory experience. In contrast, if it is difficult or it takes a long time to 
create a mental image, the character is of low imageability. The subjects then 
provided an imageability rating for each character on a 7-point scale (1 = lowest 
imageability; 7 = highest imageability). 
5. Semantic transparency: Again, the same subjects were asked to make judgments 
about the degree of relational meaning between a character and its semantic radical on 
a 5-point scale (1 = unrelated; 2 = indirectly and loosely related; 3 = weakly related; 4 
= highly related; 5 = directly and strongly related). The meaning of the semantic 
radical in each stimulus character was provided for easy reference. 
6. Semantic radical consistency: This indicates how reliably a semantic radical can be 
used to predict the meaning of the characters containing it. The consistency rating is 
computed by dividing the number of characters carrying the target meaning reliably 
(i.e. a meaning that is compatible with that of the semantic radical according to the X. 
Li (2003) dictionary) by the total number of characters sharing the target semantic 
radical. 
 38 7. Semantic radical combinability equals the number of compound characters in the X. 
Li (2003) dictionary containing the semantic radical. 
8. Visual complexity of a character refers to the number of strokes in the character. 
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Table II. Descriptive statistics of predictor variables of oral naming task 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Minimum Maximum Mean Standard 
Deviation 
Skewness 
Subjective 
AoA 
1.63 5.85 3.46 0.889 0.040 
Object 
familarity 
1.97 4.92 3.66 0.816 -0.258 
Word length 1.00 4.00 1.80 0.677 0.452 
Name 
agreement 
0.000 1.59 0.336 0.417 0.979 
Image 
agreement 
3.08 4.67 4.25 0.286 -1.20 
Visual 
complexity 
1.42 4.62 3.30 0.984 -0.356 
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Table III. Descriptive statistics of predictor variables of reading aloud task 
 
 
 
 
 
 
 
 
 
 
 
 Minimum Maximum Mean Standard 
Deviation 
Skewness 
Semantic 
transparency 
1.00 5.00 3.58 1.48 -0.692 
Adult Log 
frequency 
0.000 3.38 1.77 0.667 -0.108 
Subjective AoA 0.100 6.90 2.98 1.51 0.284 
Semantic radical 
combinability 
3.00 355 156 106 0.425 
Semantic radical 
consistency 44.0 100 78.4 12.0 -0.713 
Phonological 
consistency 
0.224 100 46.4 35.3 0.240 
Imageability 1.10 7.00 4.87 1.71 -0.556 
No. of stroke 5.00 27.0 12.3 4.17 0.703 
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Table IV. Intercorrelation matrix among predictor variables on oral naming 
 AoA Object 
familiarity 
Word 
length 
Name 
agreement 
Image 
agreement 
Visual 
complexity 
AoA  -0.644** 0.373** 0.104 -0.354** 0.299** 
Object 
familiarity 
  -0.085 -0.085 0.382** -0.356** 
Word 
length 
   -0.256 -0.047 0.175** 
Name 
agreement 
    -0.256** -0.076 
Image 
agreement 
     -0.082 
Note: * = p < 0.05; ** = p < 0.01; no annotation = p > 0.05. 
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Table V. Intercorrelation matrix among predictor variables on reading aloud 
 Tran Freq AoA SCom SCon Phon Imag NoS 
Tran  -0.219** -0.173** 0.085 0.231** -0.108* 0.610** -0.097 
Freq   -0.514** 0.127* -0.040 0.330** -0.252** -0.158** 
AoA    -0.260** -0.053 -0.143* -0.301** 0.410** 
SCom     0.301** 0.062* 0.189** -0.268** 
SCon      -0.095 0.300** -0.025 
Phon       -0.158** 0.103 
Imag        -0.110* 
Notes: Imag = imageability; Freq = Log adult frequency; NoS = number of stroke; Phon = 
phonological consistency; SCom = semantic radical combinability; SCon = semantic radical 
consistency; Tran = semantic transparency; AoA = subjective age of acquisition; * = p < 0.05; 
** = p < 0.01; no annotation = p > 0.05.
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